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Description
FIELD
[0001] The present disclosure concerns prosthetic

heart valves, and delivery systems for implanting heart
valves.

BACKGROUND

[0002] The human heart can suffer from various val-
vular diseases. These valvular diseases can resultin sig-
nificant malfunctioning of the heart and ultimately require
replacement of the native valve with an artificial valve.
There are a number of known artificial valves and a
number of known methods of implanting these artificial
valves in humans.

[0003] Various surgical techniques may be used to re-
place or repair a diseased or damaged valve. Due to
stenosis and other heart valve diseases, thousands of
patients undergo surgery each year wherein the defec-
tive native heart valve is replaced by a prosthetic valve.
Another less drastic method for treating defective valves
is through repair or reconstruction, which is typically used
on minimally calcified valves. The problem with surgical
therapy is the significant risk it imposes on these chron-
ically ill patients with high morbidity and mortality rates
associated with surgical repair.

[0004] When the native valve is replaced, surgical im-
plantation of the prosthetic valve typically requires an
open-chest surgery during which the heart is stopped
and patient placed on cardiopulmonary bypass (a so-
called "heart-lung machine"). In one common surgical
procedure, the diseased native valve leaflets are excised
and a prosthetic valve is sutured to the surrounding tissue
at the valve annulus. Because of the trauma associated
with the procedure and the attendant duration of extra-
corporeal blood circulation, some patients do not survive
the surgical procedure or die shortly thereafter. It is well
known that the risk to the patient increases with the
amount of time required on extracorporeal circulation.
Due to these risks, a substantial number of patients with
defective native valves are deemed inoperable because
their condition is too frail to withstand the procedure. By
some estimates, more than 50% of the subjects suffering
from valve stenosis who are older than 80 years cannot
be operated on for valve replacement.

[0005] Because of the drawbacks associated with con-
ventional open-heart surgery, percutaneous and mini-
mally-invasive surgical approaches are garnering in-
tense attention. In one technique, a prosthetic valve is
configured to be implanted in a much less invasive pro-
cedure by way of catheterization. For instance, U.S. Pat-
ent Nos. 5,411,522 and 6,730,118 describe collapsible
transcatheter heart valves that can be percutaneously
introduced in a compressed state on a catheter and ex-
panded in the desired position by balloon inflation or by
utilization of a self-expanding frame or stent. Reference
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is further made to the disclosure of International Appli-
cation Publication Nos. WO 2009/042196 and WO
2009/149462.

[0006] An important design parameter of a transcath-
eter heart valve is the diameter of the folded or crimped
profile. The diameter of the crimped profile is important
because it directly influences the physician’s ability to
advance the transcatheter heart valve through the fem-
oral artery or vein. More particularly, a smaller profile
allows for treatment of a wider population of patients, with
enhanced safety.

SUMMARY

[0007] The presentinvention is defined by the append-
ed claims. The present disclosure is directed toward
methods and apparatuses relating to prosthetic valves,
such as heart valves, delivery apparatuses, and assem-
blies of heart valves mounted on delivery apparatuses.
In the following, some examples useful for understanding
the present invention are described.

[0008] An example of an assembly for implanting a
prosthetic heart valve in a patient's body comprises a
delivery apparatus comprising an elongated shaft and a
radially expandable prosthetic heart valve mounted on
the shaft in a radially collapsed configuration for delivery
into the body. The prosthetic heart valve comprises an
annular frame having aninflow end portion and an outflow
end portion, and a leaflet structure positioned within the
frame. The outer diameter of the inflow end portion of the
frame is smaller than the outer diameter of the outflow
end portion of the frame. The reduced diameter of the
inflow end can be due to a reduce amount of materials
positioned within the inflow end portion of the frame. The
reduced diameter at the inflow end portion can make
room for an outer skirt positioned around the inflow end
portion.

[0009] In some examples, the heart valve can further
comprise an outer skirt positioned around an outer sur-
face of the inflow end portion of the frame such that an
outer diameter of an inflow end portion of the prosthetic
valve, inclusive of the outer skirt, is still less than or equal
to an outer diameter of an outflow end portion of the pros-
thetic valve.

[0010] In some examples, the leaflet structure can
comprise a plurality of leaflets that each comprises op-
posing side tabs on opposite sides of the leaflet. The side
tabs can be secured to the outflow end portion of the
frame. Each leaflet can further comprise a free outflow
edge portion extending between the side tabs adjacent
to the outflow end of the frame and an inflow edge portion
extending between the side tabs adjacent to the inflow
end of the frame. The inflow edge portion can comprise
opposing axial edge portions that extend from the side
tabs toward the inflow end in a generally axial direction
and an intermediate edge portion that extends between
the axial edge portions. The intermediate edge portion
can comprise a curved apex portion adjacent to the inflow
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end of the frame and a pair of oblique portions that extend
between the axial edge portions and the apex portion.
The oblique portions can have a greater radius of curva-
ture than the apex portion, forming a generally V-shaped
leaflet.

[0011] In some examples, the frame comprises a plu-
rality of angularly spaced commissure windows each
comprising an enclosed opening between first and sec-
ond axially oriented side struts. In these examples, the
leaflet structure comprises a plurality of leaflets each
comprising two opposing side tabs, each side tab being
paired with an adjacent side tab of an adjacent leaflet to
form commissures of the leaflet structure. Each commis-
sure extends radially outwardly through a corresponding
commissure window of the frame to a location outside of
the frame and is sutured to the side struts of the com-
missure window. In some of these examples, the com-
missure windows of the frame are depressed radially in-
wardly relative to the portions of the frame extending be-
tween adjacent commissure windows when the prosthet-
ic valve is in the collapsed configuration on the shaft.
[0012] In some examples, the frame comprises an in-
flow row of openings at the inflow end portion of the frame,
an outflow row of openings at the outflow end portion of
the frame, and at least one intermediate row of openings
between the inflow row of openings and outflow row of
openings. The openings of the inflow row of openings
are larger than the openings of the at least one interme-
diate row of openings.

[0013] In some examples, portions of the leaflet struc-
ture protrude through openings in the frame while in the
collapsed configuration on the shaft.

[0014] According to the present invention, the inflow
end portion of the frame comprises a frame thickness
that is less than a frame thickness of an intermediate
portion of the frame between the inflow end portion and
the outflow end portion.

[0015] Implantable prosthetic valves disclosed herein
can be radially collapsible to a collapsed configuration
and radially expandable to an expanded configuration.
Such prosthetic valves can comprise an annular frame,
a leaflet structure positioned within the frame, and an
annular outer skirt positioned around an outer surface of
the frame. The outer skirt can comprise an inflow edge
secured to the frame at a first location, an outflow edge
secured to the frame at a second location, and an inter-
mediate portion between the inflow edge and the outflow
edge. When the valve is in the expanded configuration,
the intermediate portion of the outer skirt comprises slack
in the axial direction between the inflow edge of the outer
skirt and the outflow edge of the outer skirt, and when
the valve is collapsed to the collapsed configuration, the
axial distance between the inflow edge of the outer skirt
and the outflow edge of the outer skirtincreases, reducing
the slack in the outer skirt in the axial direction.

[0016] Insome ofthese examples, the outer skirtis not
stretched in the axial direction when the valve is radially
collapsed to the collapsed configuration and slack is re-
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moved from the intermediate portion of the outer skirt.
[0017] Some examples of an implantable prosthetic
valve comprise an annular frame comprising a plurality
of leaflet attachment portions, and a leaflet structure po-
sitioned within the frame and secured to the leaflet at-
tachment portions of the frame. The leaflet structure com-
prises a plurality of leaflets, each leaflet comprising a
body portion, two opposing primary side tabs extending
from opposite sides of the body portion, and two opposing
secondary tabs extending from the body adjacent to the
primary side tabs. The secondary tabs are folded about
a radially extending crease such that a first portion of the
secondary tabs lies flat against the body portion of the
respective leaflet, and the secondary tabs are folded
about an axially extending crease such that a second
portion of the secondary tabs extends in a different plane
than the first portion. The second portion of each sec-
ondary tab is sutured to a respective primary tab and the
secondary tabs are positioned inside of the frame.
[0018] In some of these examples, the first portion of
each the secondary tab pivots about the axially extending
crease and lays flat against the second portion of the
secondary tab when the valve is collapsed to a radially
collapsed configuration. The first portion of each second-
ary tab comprises an inner edge spaced radially from an
inner surface of the frame, and the body portion of the
leaflet articulates about the inner edges of the two sec-
ondary tabs of the leaflet in response to blood flowing
through the valve when the valve is in operation within a
patient’s body.

[0019] Some examples disclosed herein comprise an
implantable prosthetic valve that is radially collapsible to
a collapsed configuration and radially expandable to an
expanded configuration. The prosthetic valve comprises
an annular frame having an inflow end portion and an
outflow end portion, a leaflet structure positioned within
the frame, and an annular inner skirt positioned within
the frame. The inner skirt is secured to the inside of the
frame and the inner skirt comprises a weave of a first set
of strands with a second set of strands, both the first and
second sets of strands being non-parallel with the axial
direction of the valve. When the valve is collapsed from
the expanded configuration to the collapsed configura-
tion, the axial length of the frame increases and the both
the first and second sets of strands rotate toward the
axial direction of the valve, allowing the inner skirt to elon-
gate in the axial direction along with the frame.

[0020] In some of these examples, the first set of
strands are substantially perpendicular to the second set
of strands when the valve is in the expanded configura-
tion. In some embodiments, the first set of strands forms
a first angle with the axial direction of the valve and the
second set of strands forms a second angle with the axial
direction of the valve, the first and second angles being
substantially equal. In some of these examples, the first
and second sets of strands comprise 20-denier yarn.
[0021] Some examples of an implantable prosthetic
valve comprise a radially collapsible and expandable an-
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nular frame comprising a plurality of angularly spaced
commissure windows each comprising an enclosed
opening between first and second axially oriented side
struts. The valve also comprises a leaflet structure posi-
tioned within the frame and comprising a plurality of leaf-
lets each comprising two opposing side tabs. Each side
tab is paired with an adjacent side tab of an adjacent
leaflet to form commissures of the leaflet structure. Each
pair of side tabs extends radially outwardly through a
corresponding commissure window to a location outside
of the frame, the portions of the tabs located outside of
the frame extending circumferentially away from one an-
other and along an exterior surface of the side struts. The
valve further comprises a plurality of wedges, each
wedge being positioned between the side struts of a com-
missure window and separating the pair of side tabs ex-
tending through the commissure window, the wedge be-
ing urged radially inwardly against the side tabs.

[0022] The wedges can be elongated in an axial direc-
tion and correspond in axial length with an axial length
of the side struts of the commissure windows. The wedg-
es can further restrict rotational movement of the pair of
side tabs relative to the commissure window. Each
wedge can be sutured to a flexible reinforcing sheet that
is also sutured to each of the pair of side tabs, and each
can be sutured to the pair of side tabs. The wedges can
comprise a non-metallic material, such as suture mate-
rial.

[0023] The foregoing and other objects, features, and
advantages of the invention will become more apparent
from the following detailed description, which proceeds
with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]
FIGS. 1-3 show a prosthetic heart valve.

FIGS. 4-10 show an exemplary frame of the heart
valve of FIG. 1.

FIGS. 11-15B show another exemplary frame for use
in a prosthetic heart valve.

FIGS 16A and 16B show an exemplary inner skirt of
the heart valve of FIG. 1.

FIG. 17 shows another prosthetic heart valve in a
compressed (crimped) condition with a deformed
frame.

FIG. 18 shows the heart valve of FIG. 1 in a com-
pressed state and mounted on an exemplary balloon
catheter.

FIGS. 19-20 show the assembly of the inner skirt of
FIG. 16A with the frame of FIG. 4.
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FIGS. 21-28 show the assembly of an exemplary
leaflet structure.

FIGS. 29-35 show the assembly of commissure por-
tions of the leaflet structure with window frame por-
tions of the frame.

FIGS. 36-40 show the assembly of the leaflet struc-
ture with the inner skirt along a lower edge of the
leaflets.

FIG. 41 shows an exemplary outer skirt laid out flat.

FIGS. 42 and 43 show the exemplary prosthetic
heart valve of FIG. 1.

FIGS. 44-48 show an alternative prosthetic heart
valve.

FIGS. 49-52 show portions of an alternative frame.

FIG. 53 shows a portion of the frame of FIG. 4 in a
radially compressed state.

FIG. 54 shows a cross-sectional profile of the frame
of FIG 4, showings a general tapering from the out-
flow end to the inflow end.

FIG. 55 shows the frame of FIG. 4 in an unrolled, flat
configuration.

FIG. 56 shows the heart valve of FIG. 1 in a com-
pressed state and mounted on an exemplary balloon
catheter.

FIGS. 57 and 58 shows a leaflet having a generally
V-shaped configuration.

FIG. 59 shows a cross-sectional view of an alterna-
tive prosthetic valve having a variable thickness
frame.

FIG. 60 is a side view of a frame of a valve having
commissure windows, prior to mounting a leaflet
structure to the frame.

FIG.60Ais anenlarged side view of one commissure
window of FIG 60.

FIG. 61 is a perspective view of a prosthetic valve
comprising the frame of FIG. 60 and a leaflet struc-
ture mounted to the valve.

FIG. 62 is an enlarged side view of one commissure
of the valve of FIG. 61.

FIGS. 63-71 are cross-sectional views of a commis-
sure of the valve of FIG. 61 showing various tech-
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niques for suturing a pair of leaflet side tabs to a
commissure window using a reinforcing sheet.

FIGS. 72-74 show balloon expansion of an alterna-
tive frame for a prosthetic valve having inflow and
outflow end portions of reduced thickness.

DETAILED DESCRIPTION

[0025] FIGS. 1-3 show various views of a prosthetic
heart valve 10. The illustrated valve is adapted to be im-
planted in the native aortic annulus, although it can be
adapted to be implanted in the other native annuluses of
the heart. The valve 10 can have four main components:
a stent, or frame, 12, a valvular structure 14, an inner
skirt 16, and an outer skirt 18.

[0026] The valvular structure 14 can comprise three
leaflets 40, collectively forming a leaflet structure, which
can be arranged to collapse in a tricuspid arrangement,
as best shown in FIG. 2. The lower edge of leaflet struc-
ture 14 desirably has an undulating, curved scalloped
shape (suture line 154 shown in FIG. 1 tracks the scal-
loped shape of the leaflet structure). By forming the leaf-
lets with this scalloped geometry, stresses on the leaflets
are reduced, which in turn improves durability of the
valve. Moreover, by virtue of the scalloped shape, folds
and ripples at the belly of each leaflet (the central region
of each leaflet), which can cause early calcification in
those areas, can be eliminated or at least minimized. The
scalloped geometry also reduces the amount of tissue
material used to form the leaflet structure, thereby allow-
ing a smaller, more even crimped profile at the inflow end
of the valve. The leaflets 40 can be formed of pericardial
tissue (e.g., bovine pericardial tissue), biocompatible
synthetic materials, or various other suitable natural or
synthetic materials as known in the art and described in
U.S. Patent No. 6,730,118.

[0027] Thebareframe 12isshowninFIG.4.Theframe
12 can be formed with a plurality of circumferentially
spaced slots, or commissure windows, 20 (three in the
illustrated case) that are adapted to mount the commis-
sures of the valvular structure 14 to the frame, as de-
scribed in greater detail below. The frame 12 can be
made of any of various suitable plastically-expandable
materials (e.g., stainless steel, etc.) as known in the art.
When constructed of a plastically-expandable material,
the frame 12 (and thus the valve 10) can be crimped to
a radially compressed state on a delivery catheter and
then expanded inside a patient by an inflatable balloon
or equivalent expansion mechanism. Once inside the
body, the valve can be advanced from the delivery
sheath, which allows the valve to expand to its functional
size.

[0028] Suitable plastically-expandable materials that
can be used to form the frame 12 include, without limita-
tion, stainless steel, a nickel based alloy (e.g., a cobalt-
chromium or a nickel-cobalt-chromium alloy), polymers,
or combinations thereof. Frame 12 can be made of a
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nickel-cobalt-chromium-molybdenum alloy, such as
MP35N™ (tradename of SPS Technologies), which is
equivalent to UNS R30035 (covered by ASTM F562-02).
MP35N™/UNS R30035 comprises 35% nickel, 35% co-
balt, 20% chromium, and 10% molybdenum, by weight.
It has been found that the use of MP35N to form frame
12 provides superior structural results over stainless
steel. In particular, when MP35N is used as the frame
material, less material is needed to achieve the same or
better performance in radial and crush force resistance,
fatigue resistances, and corrosion resistance. Moreover,
since less material is required, the crimped profile of the
frame can be reduced, thereby providing a lower profile
valve assembly for percutaneous delivery to the treat-
ment location in the body.

[0029] Referringto FIGS. 4 and 5, the illustrated frame
12 comprises a first, lower row | of angled struts 22 ar-
ranged end-to-end and extending circumferentially at the
inflow end of the frame; a second row Il of circumferen-
tially extending, angled struts 24; a third row 1l of circum-
ferentially extending, angled struts 26; a fourth row 1V of
circumferentially extending, angled struts 28; and a fifth
row V of circumferentially extending, angled struts 32 at
the outflow end of the frame. A plurality of substantially
straight axially extending struts 34 can be used to inter-
connect the struts 22 of the first row | with the struts 24
of the second row Il. The fifth row V of angled struts 32
are connected to the fourth row IV of angled struts 28 by
a plurality of axially extending window frame portions 30
(which define the commissure windows 20) and a plural-
ity of axially extending struts 31. Each axial strut 31 and
each frame portion 30 extends from a location defined
by the convergence of the lower ends of two angled struts
32 to another location defined by the convergence of the
upper ends of two angled struts 28. FIGS. 6, 7, 8, 9 and
10 are enlarged views of the portions of the frame 12
identified by letters A, B, C, D and E, respectively, in FIG.
4,

[0030] Each commissure window frame portion 30
mounts a respective commissure of the leaflet structure
14. As can be seen, each frame portion 30 is secured at
its upper and lower ends to the adjacent rows of struts
to provide a robust configuration that enhances fatigue
resistance under cyclic loading of the valve compared to
known cantilevered struts for supporting the commis-
sures of the leaflet structure. This configuration enables
areduction in the frame wall thickness to achieve a small-
er crimped diameter of the valve. The thickness T of the
frame 12 (FIG. 4) measured between the inner diameter
and outer diameter can be about 0.48 mm or less.
[0031] The struts and frame portions of the frame col-
lectively define a plurality of open cells of the frame. At
the inflow end of the frame 12, struts 22, struts 24, and
struts 34 define a lower row of cells defining openings
36. The second, third, and fourth rows of struts 24, 26,
and 28 define two intermediate rows of cells defining
openings 38. The fourth and fifth rows of struts 28 and
32, along with frame portions 30 and struts 31, define an
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upper row of cells defining openings 40. The openings
40 are relatively large and are sized to allow portions of
the leaflet structure 14 to protrude, or bulge, into and/or
through the openings 40 when the frame 12 is crimped
in order to minimize the crimping profile.

[0032] As best shown in FIG. 7, the lower end of the
strut 31 is connected to two struts 28 at a node orjunction
44, and the upper end of the strut 31 is connected to two
struts 32 at a node or junction 46. The strut 31 can have
a thickness S1 that is less than the thicknesses S2 of the
junctions 44, 46. FIG. 53 shows a portion of the frame
12 in a crimped state. The junctions 44, 46, along with
junctions 64, prevent full closure of openings 40. FIG. 18
shows the valve 10 crimped on a balloon catheter. As
can be seen, the geometry of the struts 31, and junctions
44, 46 and 64 assists in creating enough space in open-
ings 40inthe crimped state to allow portions of the leaflets
to protrude (i.e., bulge) outwardly through openings. This
allows the valve to be crimped to a relatively smaller di-
ameter than if all of the leaflet material is constrained
within the crimped frame.

[0033] Theframe 12is configured to preventor atleast
minimize possible over-expansion of the valve at a pre-
determined balloon pressure, especially at the outflow
end portion of the frame, which supports the leaflet struc-
ture 14. The frame can be configured to have relatively
larger angles 42a, 42b, 42c, 42d, 42e between struts.
The larger the angle, the greater the force required to
open (expand) the frame. This phenomenon is schemat-
ically illustrated in FIGS. 15A and 15B. FIG. 15A shows
a strut 32 when the frame 12 is in its compressed state
(e.g., mounted on a balloon). The vertical distance d4
between the ends of the struts is greatest when the frame
is compressed, providing a relatively large moment be-
tween forces F; and F, acting on the ends of the strut in
opposite directions upon application of an opening force
from inflation of the balloon (or expansion of another ex-
pansion device). When the frame expands radially, the
vertical distance between the ends of the strut decreases
to a distance d,, as depicted in FIG. 15B. As the vertical
distance decreases, so does the moment between forces
F, and F,. Hence, it can be seen that a relatively greater
expansion force is required as the vertical distance and
the moment between the ends of the strut decreases.
Moreover, strain hardening (stiffening) at the ends of the
strut increases as the frame expands, which increases
the expansion force required to induce further plastic de-
formation at the ends of the strut. As such, the angles
between the struts of the frame can be selected to limit
radial expansion of the frame ata given opening pressure
(e.g., inflation pressure of the balloon). In particular cas-
es, these angles can be at least 110 degrees or greater
when the frame is expanded to its functional size, and
even more particularly these angles can be at least 120
degrees or greater when the frame is expanded to its
functional size.

[0034] In addition, the inflow and outflow ends of a
frame generally tend to over-expand more so than the
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middle portion of the frame due to the "dog boning" effect
of the balloon used to expand the valve. To protect
against over-expansion of the leaflet structure 14, the
leaflet structure desirably is secured to the frame 12 be-
low the upper row of struts 32, as best shown in FIG. 1.
FIG. 55 shows a flattened view of the frame 12 similar to
FIG. 5, but showing a line 176 superimposed over the
frame to indicate the position of the upper edges of the
leaflets 40. Thus, in the event that the outflow end of the
frame is over-expanded, the leaflet structure is positioned
at a level below where over-expansion is likely to occur,
thereby protecting the leaflet structure from over-expan-
sion.

[0035] In a known valve construction, the leaflets can
protrude outwardly beyond the outflow end of the frame
when the valve is crimped if the leaflets are mounted too
close to the distal end of the frame. If the delivery catheter
on which the crimped valve is mounted includes a push-
ing mechanism or stop member that pushes against or
abuts the outflow end of the valve (for example, to main-
tain the position of the crimped valve on the delivery cath-
eter), the pushing member or stop member can damage
the exposed leaflets that extend beyond the outflow end
of the frame. Another benefit of mounting the leaflets at
a location spaced from the outflow end 178 of the frame
is that when the valve is crimped on a delivery catheter,
as shown in FIG. 56, the leaflets 40 do not protrude be-
yond the outflow end 178 of the frame in the axial direc-
tion. As such, if the delivery catheter includes a pushing
mechanism or stop member that pushes against or abuts
the outflow end of the valve, the pushing mechanism or
stop member can contact the end 178 of the frame, and
not leaflets 40, so as to avoid damage to the leaflets.
[0036] Also, as canbeseenin FIG. 5, the openings 36
of the lowermost row of openings in the frame are rela-
tively larger than the openings 38 of the two intermediate
rows of openings. As shown in FIG. 54, this allows the
frame, when crimped, to assume an overall tapered
shape that tapers from a maximum diameter D at the
outflow end of the valve to a minimum diameter D, at the
inflow end of the valve. When crimped, the frame 12 has
a reduced diameter region extending along a portion of
the frame adjacent the inflow end of the frame, indicated
by reference number 174, that generally corresponds to
the region of the frame covered by the outer skirt 18. The
diameter of region 174 is reduced compared to the di-
ameter of the upper portion of the frame (which is not
covered by the outer skirt) such that the outer skirt 18
does not increase the overall crimp profile of the valve.
When the valve is deployed, the frame can expand to the
cylindrical shape shown in FIG. 4. In one example, the
frame of a 26-mm valve, when crimped, had a diameter
D, of 14 French at the outflow end of the valve and a
diameter D, of 12 French at the inflow end of the valve.
[0037] FIGS. 11 and 12 show an alternative frame 50
that can be incorporated in the valve 10. The frame 50
comprises multiple rows of circumferentially extending,
angled struts 52 that are connected to each other at
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nodes, or connecting portions, 54 and 56. The uppermost
row of struts 52 are connected to an adjacent row of struts
by a plurality of axially extending struts 58 and commis-
sure window frame portions 60. Each commissure frame
portion 60 defines a slot, or commissure window, 62 for
mounting a respective commissure of the valvular struc-
ture, as described in greater detail below. The thickness
T of the frame 50 can be about 0.45 mm or less. FIGS.
13 and 14 are enlarged views of the portions of the frame
50 identified by letters A and B, respectively, in FIG. 12.
[0038] The main functions of the inner skirt 16 are to
assist in securing the valvular structure 14 to the frame
12 and to assist in forming a good seal between the valve
and the native annulus by blocking the flow of blood
through the open cells of the frame 12 below the lower
edge of the leaflets. The inner skirt 16 desirably compris-
es a tough, tear resistant material such as polyethylene
terephthalate (PET), although various other synthetic or
natural materials can be used. The thickness of the skirt
desirably is less than 152 um (6 mil), and desirably less
than 102 pm (4 mil), and even more desirably about 51
pm (2 mil). The skirt 16 can have a variable thickness,
for example, the skirt can be thicker at its edges than at
its center. In one implementation, the skirt 16 can com-
prise a PET skirt having a thickness of about 0.07 mm
at its edges and about 0.06 mm at its center. The thinner
skirt can provide for better crimping performances while
still providing good perivalvular sealing.

[0039] The skirt 16 can be secured to the inside of
frame 12 via sutures 70, as shown in FIG. 39. Valvular
structure 14 can be attached to the skirt via one or more
thin PET reinforcing strips 72 (which collectively can form
a sleeve), discussed below, which enables a secure su-
turing and protects the pericardial tissue of the leaflet
structure from tears. Valvular structure 14 can be sand-
wiched between skirt 16 and the thin PET strips 72 as
shown in FIG. 38. Sutures 154, which secure the PET
strip and the leaflet structure 14 to skirt 16, can be any
suitable suture, such as an Ethibond suture. Sutures 154
desirably track the curvature of the bottom edge of leaflet
structure 14, as described in more detail below.

[0040] Known fabric skirts comprise a weave of warp
and weft fibers that extend perpendicular to each other
and with one set of fibers extending perpendicularly to
the upper and lower edges of the skirt. When the metal
frame, to which the fabric skirt is secured, is radially com-
pressed, the overall axial length of the frame increases.
Unfortunately, a fabric skirt, which inherently has limited
elasticity, cannot elongate along with the frame and
therefore tends to deform the struts of the frame and pre-
vents uniform crimping.

[0041] FIG. 17 shows an example of a crimped valve
where the struts have been deformed in several places,
as indicated by reference number 100, by a skirt having
fibers that extend perpendicular to the upper and lower
edges of the skirt. Moreover, the fabric tends to bunch
or create bulges of excess material in certain locations,
which limits the minimum crimping profile and prevents
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uniform crimping.

[0042] Referringto FIG. 16B, in contrast to known fab-
ric skirts, the skirt 16 desirably is woven from a first set
of fibers, or yarns or strands, 78 and a second set of
fibers, or yarns or strands, 80, both of which are non-
perpendicular to the upper edge 82 and the lower edge
84 of the skirt. The first set of fibers 78 and the second
set of fibers 80 can extend at angles of about 45 degrees
relative to the upper and lower edges 82, 84. The skirt
16 can be formed by weaving the fibers at 45 degree
angles relative to the upper and lower edges of the fabric.
Alternatively, the skirt can be diagonally cut from a ver-
tically woven fabric (where the fibers extend perpendic-
ular to the edges of the material) such that the fibers
extend at 45 degree angles relative to the cut upper and
lower edges of the skirt. As further shown in FIG. 16B,
the opposing short edges 86, 88 of the skirt desirably are
non-perpendicular to the upper and lower edges 82, 84.
For example, the short edges 86, 88 desirably extend at
angles of about 45 degrees relative to the upper and low-
er edges and therefore are aligned with the first set of
fibers 78. Therefore, the overall shape of the skirt is that
of a rhomboid.

[0043] FIGS. 19A and 19B shows the skirt 16 after op-
posing edge portions 90, 92 have been sewn together to
form the annular shape of the skirt. As shown, the edge
portion 90 can be placed in an overlapping relationship
relative to the opposite edge portion 92, and the two edge
portions can be sewn together with a diagonally extend-
ing suture line 94 that is parallel to edges 86, 88. The
upper edge portion of the skirt 16 can be formed with a
plurality of projections 96 that define an undulated shape
that generally follows the shape of the fourth row of struts
28 immediately adjacent the lower ends of axial struts
31. In this manner, as best shown in FIG. 20, the upper
edge of skirt 16 can be tightly secured to struts 28 with
sutures 70. Skirt 16 can also be formed with slits 98 to
facilitate attachment of the skirt to the frame. Slits 98 are
dimensioned so as to allow an upper edge portion of skirt
to be partially wrapped around struts 28 and reduce
stresses in the skirt during the attachment procedure.
For example, skirt 16 can be placed on the inside of frame
12 and an upper edge portion of the skirt can be wrapped
around the upper surfaces of struts 28 and secured in
place with sutures 70. Wrapping the upper edge portion
of the skirt around struts 28 in this manner provides for
a stronger and more durable attachment of the skirt to
the frame. The skirt 16 can also be secured to the first,
second, and third rows of struts 22, 24, and 26, respec-
tively, with sutures 70.

[0044] Referring again to FIG. 16B, due to the orien-
tation of the fibers relative to the upper and lower edges,
the skirt can undergo greater elongation in the axial di-
rection (i.e., in a direction from the upper edge 82 to the
lower edge 84).

[0045] Thus, when the metal frame 12 is crimped (as
shown in FIG. 18), the skirt 16 can elongate in the axial
direction along with the frame and therefore provides a
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more uniform and predictable crimping profile. Each cell
of the illustrated metal frame includes at least four angled
struts that rotate towards the axial direction (i.e., the an-
gled struts become more aligned with the length of the
frame). The angled struts of each cell function as a mech-
anism for rotating the fibers of the skirt in the same di-
rection of the struts, allowing the skirt to elongate along
the length of the struts. This allows for greater elongation
of the skirt and avoids undesirable deformation of the
struts when the valve is crimped.

[0046] In addition, the spacing between the woven fib-
ers or yarns can be increased to facilitate elongation of
the skirt in the axial direction. For example, for a PET
skirt 16 formed from 20-denier yarn, the yarn density can
be about 15% to about 30% less than a conventional
PET skirt. In some examples, the yarn spacing of the
skirt 16 can be from about 155 yarns per 25.4 mm (1
inch)to about 180 yarns per 25.4 mm (1 inch), such about
160 yarns per 25.4 mm (1 inch), whereas in a conven-
tional PET skirt the yarn spacing can be from about 217
yarns per 25.4 mm (1 inch) to about 247 yarns per 25.4
mm (1 inch). The oblique edges 86, 88 promote uniform
and even distribution of the fabric material along inner
circumference of the frame during crimping so as to min-
imize bunching of the fabric to facilitate uniform crimping
to the smallest possible diameter. Additionally, cutting
diagonal sutures in a vertical manner may leave loose
fringes along the cut edges. The oblique edges 86, 88
help minimize this from occurring. As noted above, FIG.
17 shows a crimped valve with a conventional skirt that
has fibers that run perpendicular to the upper and lower
edges of the skirt. Comparing FIGS. 17 and 18, it is ap-
parentthat the construction of skirt 16 avoids undesirable
deformation of the frame struts and provides more uni-
form crimping of the frame.

[0047] The skirtcan also be formed from woven elastic
fibers that can stretch in the axial direction during crimp-
ing of the valve. The warp and weft fibers can run per-
pendicular and parallel to the upper and lower edges of
the skirt, or alternatively, they can extend at angles be-
tween 0 and 90 degrees relative to the upper and lower
edges of the skirt, as described above.

[0048] The inner skirt 16 can be sutured to the frame
12 at locations away from the suture line 154 so that the
skirt can be more pliable in that area (see FIG. 28). This
can avoid stress concentrations at the suture line 154,
which attaches the lower edges of the leaflets to the skirt
16.

[0049] As noted above, the leaflet structure 14 can in-
clude three flexible leaflets 40 (although a greater or few-
ernumber of leaflets can be used). As best shown in FIG.
21, each leaflet 40 in the illustrated configuration has an
upper (outflow) free edge 110 extending between oppos-
ing upper tabs 112 on opposite sides of the leaflet. Below
each upper tab 112 there is a notch 114 separating the
upper tab from a corresponding lower tab 116. The lower
(inflow) edge portion 108 of the leaflet extending between
respective ends of the lower tabs 116 includes vertical,
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or axial, edge portions 118 on opposites of the leaflets
extending downwardly from corresponding lower tabs
116 and a substantially V-shaped, intermediate edge por-
tion 120 having a smooth, curved apex portion 119 at the
lower end of the leaflet and a pair of oblique portions 121
that extend between the axial edge portions and the apex
portion. The oblique portions can have a greater radius
of curvature than the apex portion. Each leaflet 40 can
have a reinforcing strip 72 secured (e.g., sewn) to the
inner surface of the lower edge portion 108, as shown in
FIG. 22.

[0050] The leaflets 40 can be secured to one another
at their adjacent sides to form commissures 122 of the
leaflet structure. A plurality of flexible connectors 124
(one of which is shown in FIG. 23) can be used to inter-
connect pairs of adjacent sides of the leaflets and to
mount the leaflets to the commissure window frame por-
tions 30. The flexible connectors 124 can be made from
a piece of woven PET fabric, although other synthetic
and/or natural materials can be used. Each flexible con-
nector 124 can include a wedge 126 extending from the
lower edge to the upper edge at the center of the con-
nector. The wedge 126 can comprise a non-metallic ma-
terial, such as a rope or a piece of Ethibond 2-0 suture
material, secured to the connector with a temporary su-
ture 128. The wedge 126 helps prevent rotational move-
ment of the leaflet tabs once they are secured to the
commissure window frame portions 30. The connector
124 can have a series of inner notches 130 and outer
notches 132 formed along its upper and lower edges.
[0051] FIG. 24 shows the adjacent sides of two leaflets
40 interconnected by a flexible connector 124. The op-
posite end portions of the flexible connector 124 can be
placed in an overlapping relationship with the lower tabs
116 with the inner notches 130 aligned with the vertical
edges of the tabs 116. Each tab 116 can be secured to
a corresponding end portion of the flexible connector 124
by suturing along a line extending from an outer notch
132 on the lower edge to an outer notch 132 on the upper
edge of the connector. Three leaflets 40 can be secured
to each other side-to-side using three flexible connectors
124, as shown in FIG. 25.

[0052] Referring now to FIGS. 26 and 27, the adjacent
sub-commissure portions 118 of two leaflets can be su-
tured directly to each other. Inthe example shown, PTFE-
6-0 suture material is used to form in-and-out stitches
133 and comb stitches 134 that extend through the sub-
commissure portions 118 and the reinforcing strips 72
on both leaflets. The two remaining pairs of adjacent sub-
commissure portions 118 can be sutured together in the
same manner to form the assembled leaflet structure 14,
which canthen be secured to the frame 12 in the following
manner.

[0053] As noted above, the inner skirt 16 can be used
to assist in suturing the leaflet structure 14 to the frame.
As shown in FIG. 28, the skirt 16 can have an undulating
temporary marking suture 136 to guide the attachment
of the lower edges of each leaflet 40. The skirt 16 itself
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can be sutured to the struts of the frame 12 using sutures
70, as noted above, before securing the leaflet structure
14 to the skirt 16. The struts that intersect the marking
suture 136 desirably are not attached to the skirt 16. This
allows the skirt 16 to be more pliable in the areas not
secured to the frame and minimizes stress concentra-
tions along the suture line that secures the lower edges
of the leaflets to the skirt. The portion of the skirt 16 de-
marcated by rectangle 140 initially is left unsecured to
the frame 12, and is later secured to the frame after the
leaflet structure 14 is secured to the skirt, as further de-
scribed below. As noted above, when the skirt is secured
to the frame, the fibers 78, 80 of the skirt (see FIG. 16B)
generally align with the angled struts of the frame to pro-
mote uniform crimping and expansion of the frame.
[0054] FIG. 29is a cross-sectional view of a portion of
the frame and leaflet structure showing the adjacent tab
portions of two leaflets secured to a corresponding win-
dow frame portion 30. FIGS. 30-36 show one specific
approach for securing the commissure portions 122 of
the leaflet structure 14 to the commissure window frame
portions 30 of the frame. First, as shown in FIG. 30, the
flexible connector 124 securing two adjacent sides of two
leaflets is folded widthwise and the upper tab portions
112 are folded downwardly against the flexible connec-
tor. As best shown in FIGS. 30 and 31, each upper tab
portion 112 is creased lengthwise (vertically) to assume
an L-shape having an inner portion 142 folded against
the inner surface of the leaflet and an outer portion 144
folded against the connector 124. The outer portion 144
can then be sutured to the connector 124 along a suture
line 146. Next, as shown in FIG. 31, the commissure tab
assembly (comprised of a pair of lower tab portions 116
connected by connector 124) is inserted through the
commissure window 20 of a corresponding window frame
portion 30. FIG. 32 is a side view of the frame 12 showing
the commissure tab assembly extending outwardly
through the window frame portion 30.

[0055] As best shown in FIG. 29 and 33, the commis-
sure tab assembly is pressed radially inwardly at the
wedge 126 such that one of the lower tab portions 116
and a portion of the connector 124 is folded against the
frame 12 on one side of the window frame portion 30 and
the other lower tab portion 116 and a portion of the con-
nector 124 is folded against the frame 12 on other side
of the window frame portion 30. A pair of suture lines 148
are formed to retain the lower tab portions 116 against
the frame 12in the manner shown in FIG. 29. Each suture
line 148 extends through connector 124, a lower tab por-
tion 116, the wedge 126, and another portion of connector
124. Then, as shown in FIGS. 29 and 34, each lower tab
portion 116 is secured to a corresponding upper tab por-
tion 112 with a primary suture line 150 that extends
through one layer of connector 124, the lower tab portion
116, another layer of connector 124, another layer of con-
nector 124, and the upper tab portion 112. Finally, as
shown in FIGS. 29 and 35, the suture material used to
form the primary suture line 150 can be used to further
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form whip stitches 152 at the edges of the tab portions
112, 116 that extend through two layers of connector 124
sandwiched between tab portions 112, 116.

[0056] As shown in FIGS. 29 and 30, the folded down
upper tab portions 112 form a double layer of leaflet ma-
terial at the commissures. The inner portions 142 of the
upper tab portions 112 are positioned flat abutting layers
of the two leaflets 40 forming the commissures, such that
each commissure comprises four layers of leaflet mate-
rial just inside of the window frames 30. This four layered
portion of the commissures can be more resistant to
bending, or articulating, than the portion of the leaflets
40 just radially inward from the relatively more rigid four
layered portion. This causes the leaflets 40 to articulate
primarily at inner edges 143 of the folded-down inner
portions 142 in response to blood flowing through the
valve during operation within the body, as opposed to
articulating about the axial struts of the window frames
30. Because the leaflets articulate at a location spaced
radially inwardly from the window frames 30, the leaflets
can avoid contact with and damage from the frame. How-
ever, under high forces, the four layered portion of the
commissures can splay apart about a longitudinal axis
145 (FIG. 29) adjacent to the window frame 30, with each
inner portion 142 folding out against the respective outer
portion 144. For example, this can occur when the valve
10 is compressed and mounted onto a delivery shaft,
allowing for a smaller crimped diameter. The four layered
portion of the commissures can also splay apart about
axis 145 when the balloon catheter is inflated during ex-
pansion of the valve, which can relieve some of the pres-
sure on the commissures caused by the balloon and so
the commissures are not damaged during expansion.
[0057] After all three commissure tab assemblies are
secured to respective window frame portions 30, the low-
er edges of the leaflets 40 between the commissure tab
assemblies can be sutured to the inner skirt 16. For ex-
ample, as shown in FIGS. 36-38, each leaflet 40 can be
sutured to the skirt 16 along suture line 154 using, for
example, Ethibond thread. The sutures can be in-and-
out sutures extending through each leaflet 40, the skirt
16 and each reinforcing strip 72. Each leaflet 40 and re-
spective reinforcing strip 72 can be sewn separately to
the skirt 16. In this manner, the lower edges of the leaflets
are secured to the frame 12 via the skirt 16. As shown in
FIG. 38, the leaflets can be further secured to the skirt
with blanket sutures 156 that extend through each rein-
forcing strip 72, leaflet 40 and the skirt 16 while looping
around the edges of the reinforcing strips 72 and leaflets
40. The sutures 156 can be formed from PTFE suture
material. FIGS. 39 and 40 show the frame 12, leaflet
structure 14 and the skirt 16 after securing the leaflet
structure and the skirt to the frame and the leaflet struc-
ture to the skirt.

[0058] FIG. 41 shows a flattened view of the outer skirt
18 prior to its attachment to the frame 12. The outer skirt
18 can be laser cut or otherwise formed from a strong,
durable piece of material, such as woven PET, although
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other synthetic or natural materials can be used. The
outer skirt 18 can have a substantially straight lower edge
160 and an upper edge 162 defining a plurality of alter-
nating projections 164 and notches 166. As best shown
in FIG. 42, the lower edge 160 of the skirt 18 can be
sutured to the lower edge of the inner skirt 16 at the inflow
end of the valve. As shown in FIG. 43, each projection
164 can be sutured to the second rung Il of struts 24 of
the frame 12. The corners 162 of the projections 164 can
be folded over respective struts of rung Il and secured
with sutures 168.

[0059] As can be seen in FIGS. 1, 3 and 43, the outer
skirt 18 is secured to the frame 12 such that when the
frame is in its expanded state, there is excess material
or slack between the outer skirt's lower and upper edges
160, 162 that does not lie flat against the outer surface
of the frame 12. In other words, the outer skirt is config-
ured with excess material which causes the outer skirt
to bulge outwardly as the frame foreshortens (i.e., short-
ensinlength) during radial expansion. Accordingly, when
the valve 10 is deployed within the body, the excess ma-
terial of the outer skirt 18 can fill in gaps between the
frame 12 and the surrounding native annulus to assist in
forming a good fluid-tight seal between the valve and the
native annulus. The outer skirt 18 therefore cooperates
with the inner skirt 16 to avoid perivalvular leakage after
implantation of the valve 10. In another advantageous
feature, the slack between the lower and upper edges of
the outer skirt 18 allows the frame 12 to elongate axially
during crimping without any resistance from the outer
skirt and the outer skirt does not substantially affect the
outer diameter of the prosthetic valve in the crimped con-
dition.

[0060] FIG. 56 shows the valve 10 of FIGS. 1-3 and
42-43 mounted on an elongated shaft 180 of a delivery
apparatus, forming a delivery assembly for implanting
the valve 10 in a patient’s body. The valve 10 is mounted
in a radially collapsed configuration for delivery into the
body. The shaft 180 comprises an inflatable balloon 182
for expanding the balloon within the body, the crimped
valve 10 being positioned over the deflated balloon. The
frame 12 of the valve 10, when in the radially com-
pressed, mounted configuration, comprises an inflow
end portion 174 (see FIG. 54) that has an outer diameter
D, thatis smaller than the outer diameter D, of the outflow
end portion of the frame. The tapering of the frame can
be at least partially due to the V-shaped leaflets 40, as
the V-shaped leaflets have less leaflet material within the
inflow end portion of the frame 12 compared to a more
rounded, U-shaped leaflet. Due to the tapered shape of
the frame 12 in the mounted state, even with the addi-
tional thickness of the outer skirt 18 positioned around
the inflow end portion 174 of the frame 12 the overall
outer diameter of the inflow end portion of the valve 10
can be about equal to, or less than, the overall outer
diameter of the outflow end portion of the valve.

[0061] Furthermore, as shown in FIG. 56, the valve 10
comprises commissure portions of the leaflets extending
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radially outwardly through corresponding window frame
portion 30 to locations outside of the frame and sutured
to the side struts of the commissure window frame. To
minimize the crimp profile of the valve, the window frame
portions 30 can be depressed radially inwardly relative
to the surrounding portions of the frame, such as the
frame portions extending between adjacent commissure
windows, when the valve is radially compressed to the
collapsed configuration on the shaft. For example, the
commissure windows 30 of the frame can be depressed
inwardly a radial distance of between 0.2 mm and 1.0
mm relative to the portions of the frame extending be-
tween adjacent commissure windows when the valve is
radially collapsed. In this way, the outer diameter of the
outflow end portion of the valve comprising the commis-
sure portions can be generally consistent, as opposed
to the commissure portions jutting outward from the sur-
rounding portions of the valve, which could hinder deliv-
ery of the valve into the body. Even with the radially de-
pressed commissure window frames 30, the outer diam-
eter of the inflow end portion of the frame can still be
smaller than, or about equal to, the outer diameter of the
outflow end portion of the frame when the valve is radially
collapsed on the shaft, allowing for a minimal maximum
overall diameter of the valve. By minimizing the diameter
of the valve when mounted on the delivery shaft, the as-
sembly can be contained within a smaller diameter cath-
eter and thus can be passed through smaller vessels in
the body and can be less invasive in general.

[0062] FIG. 44 illustrates a prosthetic heart valve 200.
The heart valve 200 includes a frame, or stent, 202 and
a leaflet structure 204 mounted on the stent. The leaflet
structure 204 can include a plurality of leaflets 218 (e.g.,
three, as depicted), which can be sutured to each other
and to the frame 202 using suitable techniques and/or
mechanisms. The frame 202 can be adapted to include
commissure frame portions 30 (as shown in FIG. 4) to
assist in suturing the leaflets to the frame.

[0063] The frame 202 shares some design features of
the frame 12 described above. In particular, like frame
12, the frame 202 has relatively large frame openings
206 along the area of the frame that supports the leaflet
structure, as shown in FIG. 45. The openings 206 are
defined by a row of angled struts 208 at the outflow end
of the frame, a plurality of axially extending, circumfer-
entially spaced struts 210, and an intermediate row of
angled struts 212. As shown, the axial struts 210 desir-
ably are thinner than the junctions 214 connecting the
opposite ends of the axial struts 210 to the convergence
of two struts 212 and to the convergence of two struts
208. By virtue of this configuration, the width of openings
206 remain large enough when the valve is radially com-
pressed to a delivery configuration to allow portions of
the leaflet structure 204 to protrude outwardly through
the openings, as indicated at 216 in FIGS. 46 and 47.
This allows the valve to be crimped to a relatively smaller
diameter than if all of the leaflet material is constrained
within the crimped frame.
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[0064] For purposes of comparison, FIG. 48 is a cross
section of a known prosthetic valve 250 showing the valve
in its crimped state. When the valve is radially com-
pressed, the spacing between adjacent struts is relatively
small and does not allow portions of the leaflet structure
to protrude outwardly through the frame. Consequently,
the presence of all of the leaflet material being con-
strained within the inside of the frame limits the crimping
diameter of the valve.

[0065] FIGS. 49 and 50 show a flattened section of an
alternative frame construction that can allow portions of
the leaflets to protrude outwardly through the frame in
the crimped state. This frame construction can be imple-
mented in the valve 10 described above. FIG. 49 shows
the frame section in the radially compressed state while
FIG. 50 shows the frame section in the radially expanded
state. The frame (only a portion of which is shown) in-
cludes a first, circumferentially extending row of angled
struts 442 and at least a second, circumferentially ex-
tending row of angled struts 444. Some openings in the
frame are diamond shaped openings 446 formed by ad-
jacent struts 442 connected to each other at their upper
ends and adjacent struts 444 connected to each other at
their lower ends. The frame alsoincludes larger openings
448 that are formed by adjacent struts 442 connected at
their upper ends to respective ends of a horizontal strut
450 and by adjacent struts 444 connected at their lower
ends to respective ends of a horizontal strut 452. When
the frame is radially compressed, the horizontal struts
450, 452 maintains the width W of openings 448 large
enough to permit portions of the valve’s leaflets to pro-
trude outwardly through the frame. Thus, the width of
openings 448 is greater than the width of openings 446
when the frame is crimped. The frame can be formed
with openings 446, 448 alternating around the circumfer-
ence of the frame. Alternatively, openings 448 can be
located at selected positions along the frame’s length
and circumference to correspond to areas where the leaf-
let material tends to bunch up within the frame, such as
between the commissures.

[0066] FIGS. 51 and 52 show a flattened section of
another frame construction that can allow portions of the
leaflets to protrude outwardly through the frame in the
crimped state. This frame construction can be imple-
mented in the valve 10 described above. FIG. 51 shows
the frame section in the radially compressed state while
FIG. 52 shows the frame section in the radially expanded
state. The frame (only a portion of which is shown) in-
cludes a first, circumferentially extending row of angled
struts 402 and at least a second, circumferentially ex-
tending row of angled struts 404. Some openings in the
frame are diamond shaped openings 406 formed by ad-
jacent struts 402 connected to each other at their upper
ends and adjacent struts 404 connected to each other at
their lower ends. The frame also includes openings 408
that are formed by adjacent struts 402 connected at their
upper ends to an enlarged node or junction 410 and by
adjacent struts 404 connected at their lower ends to an
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enlarged node or junction 412. The junctions 410, 412
add rigidity to the frame at those locations such thatwhen
the frameisradially compressed, the width W of openings
408 remains large enough to permit portions of the
valve’s leaflets to protrude outwardly through the frame.
Thus, the width of openings 408 is greater than the width
of openings 406 when the frame is crimped. The frame
can be formed with openings 406, 408 alternating around
the circumference of the frame. Alternatively, openings
408 can be located at selected positions along the
frame’s length and circumference to correspond to areas
where the leaflet material tends to bunch up within the
frame, such as between the commissures.

[0067] FIG.57 showsaleaflet500 fora prostheticvalve
(e.g., valve 10 or 200). The leaflet 500 has an overall V-
shape, similar to leaflets 40 described above. The leaflet
500 has two tab portions 502 on opposite sides of the
leaflets which are secured to adjacent tab portions of
other leaflets to form the commissures of the leaflet struc-
ture. The sub-commissure portion of the leaflet 500 (the
portion below the tabs 502) includes two substantially
straight edges 504 that extend from respective locations
just below the tabs 502 to a curved lower edge 506. FIG.
58 shows the general shape of the leaflet 500 when the
valve is crimped. The frame (not shown in FIGS. 57-58)
slightly elongates when crimped, causing the leaflet 500
to become slightly elongated.

[0068] The tapered profile of the sub-commissure por-
tion of the leaflet reduces the amount of leaflet material
in the lower half of the crimped valve to minimize the
crimp diameter of that portion of the valve. Thus, if addi-
tional components are mounted to that portion of the
valve, such as an outer skirt 18, the reduced profile of
that portion of the valve can help offset or minimize the
increase in diameter caused by the additional compo-
nent. Additionally, the commissure tabs 502 are relatively
short and require less sutures for forming the commis-
sures of the leaflet structure than known leaflet designs
(such as T-shaped and scalloped leaflets), which better
distributes and reduces the bulkiness of the leaflet ma-
terial when the valve is crimped.

[0069] FIG. 59 shows a cross-sectional view of a valve
500. The valve 500 comprises a frame 502, leaflets 504,
and an outer skirt 18 mounted (e.g., by sutures) to the
outer surface of the frame 502. The frame 502 has a
thickness that varies along its length to optimize strength
where needed, yet minimize material (and therefore
crimp profile) at selected regions of the frame. In the
frame 502 shown, the outflow end portion 506 of the
frame has a maximum thickness T, (measured from the
inside diameter to the outside diameter of that portion of
the frame) and the inflow end portion 508 of the frame
has a minimum thickness T, (measured from the inside
diameter to the outside diameter of that portion of the
frame). It should be noted that the struts of the frame 502
(which are not shown in FIG. 59) that form the outflow
end portion 506 have a thickness T, and the struts that
form the inflow end portion 508 have a thickness T,. The
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frame 502 can have anidentical construction to the frame
12 described above, except for the variable thickness of
the frame. The areas of reduced thickness can be formed
using a variety of manufacturing techniques, such as
electro-polishing selected portions of the frame (the non-
polished portions can be masked), grinding selected por-
tions of the frame, wire cutting, or other suitable tech-
niques.

[0070] The outflow end portion 502 generally corre-
sponds to the region of the frame that supports the com-
missures of the leaflets 504 and typically experiences
the greatest loading on the valve. Therefore, the outflow
end portion 502 of the frame has a greater thickness T,
selected to provide the required strength under anticipat-
ed loads. The inflow end portion 508 supports an addi-
tional layer of material by virtue of the outer skirt 18. The
reduced thickness of the inflow end portion 508 allows
the inflow end portion to be crimped to a smaller diameter
than the outflow end portion. This offsets or minimizes
the increase in the crimp diameter caused by the addition
of the outer skirt 18.

[0071] FIGS. 60-62 show another implantable pros-
thetic valve 310 that comprises a leaflet structure 314
and a radially collapsible and expandable frame 312
(similar to the frame 50 shown in FIG. 11) having a plu-
rality of radially spaced commissure windows 318 that
are used to secure the leaflet structure within the frame.
The valve 310 also comprises a skirt 316 secured be-
tween the inner surface of the frame 312 and the curved
lower edges 364 of the leaflet structure 314. The valve
310 has a lower, inflow end 340 and an upper, outflow
end 342.

[0072] As shown in FIG. 60A, each window 318 com-
prises an enclosed opening 334 between two axially ex-
tending side struts 320, respectively. Each side strut
comprises a generally rectangular, e.g. square, cross-
sectional profile, as shown in FIG. 63. Each rectangular
side strut 320 comprises four surfaces: an exterior sur-
face 324 on a radially outward facing side, and interior
surface 326 on a radially inward facing side, a medial
surface 328 on a side facing the other side strut, and a
lateral surface 330 on a side facing away from the other
side strut. Alternatively, side struts can comprise other
cross-sectional shapes, such circular or hexagonal.
[0073] The leaflet structure comprises a plurality of
leaflets 360, each comprising a pair of side tabs 366 se-
cured to the frame 312, a curved lower edge 364 secured
to the skirt 316, and an articulation portion 372 between
the side tabs and the lower edge. Each side tab 366 is
paired with an adjacent side tab of another leaflet 360 to
form commissures 376 of the leaflet structure 314. Each
pair of side tabs 366 extends radially outwardly through
a corresponding commissure window 318 to a location
outside of the frame 312 and is secured to the side struts
320 of the window, such as with sutures, as shown in
FIG. 62. Each side tab 366 can comprise an end portion
368 (see FIG. 64) and the two side tab end portions 368
of each commissure 376 can extend circumferentially
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away from one another and along the exterior surfaces
324 of respective side struts 320 of the window 318.
[0074] Each commissure 376 can further comprise at
least one non-rigid reinforcing sheet 378 sutured to the
side tabs 366 and to the side struts 320. The sheets 378
can comprise a flexible, tear resistant material, including
a variety of natural and/or synthetic biocompatible mate-
rials. Exemplary synthetic materials can include poly-
mers such as nylon, silicone, and polyesters, including
PET. In one example, the sheets 378 comprise a woven
PET fabric.

[0075] Each reinforcing sheet 378 can be generally
rectangular (when laid flat) and can comprise a middle
portion 380 and opposing end portions 386. A first end
portion 386 of the sheet can be secured to a first side
strut 320 and a second end portion 386 of the sheet can
be secured to the second side strut 320, as shown in
FIG. 64. The sheet 378 separates the side tabs 366 from
the side struts 320 such that side tabs do not contact the
side struts. For example, each end portion 386 of the
sheet can be wrapped completely around a respective
side strut 320, as shown in FIG. 64.

[0076] The side tabs 366 and the reinforcing sheet 378
can be secured to the side struts 320 in multiple stages.
For example, FIG. 63 shows an exemplary first suturing
stage wherein the sheetis positioned such thatthe middle
portion 380 of the sheet extends circumferentially across
outer surfaces of the end portions 368 of the side tabs
366 and each end portion 386 of the sheet extends be-
tween a respective side tab 366 and the exterior, medial
and interior surfaces 324, 328, 326, respectively, of a
respective side strut 320. The sheet 378 surrounds the
side tabs 366 and protects the side tabs from edges of
the side struts 320. A pair of in-and-out sutures 390 can
secure each side tab 366 and one end of the sheet 378
to a respective strut 320. As shown in FIG. 63, each su-
ture 390 can be oriented generally perpendicularly to the
circumference of the frame 312 along the lateral surfaces
330 of the side struts 320 and can pass radially back and
forth through the commissure 376 at a plurality of differ-
ence longitudinal positions. Each suture 390 can inter-
sect a first layer of the sheet 378, a side tab end portion
368, a second layer of the sheet, and a third layer of the
sheet, in that order moving radially inward. The sutures
390 secure the sheet 378 to the side tab end portions
368 and tighten the sheet end portions 386 around the
side struts 320, thereby securing the side tabs 366 to the
side struts 320 and securing the leaflet structure 314 to
the frame 312.

[0077] FIG. 64 shows an exemplary second suturing
stage wherein a second pair of sutures 392 are used to
tie down loose portions of the reinforcing sheet 378. For
example, the second sutures 392 can intersect the por-
tions of the middle portion 380 and the end portions 386
of the sheet that extend laterally beyond the first sutures
390. The second sutures 392 can be helical whip stitches
that intersect the commissures 376 at a plurality of dif-
ferent longitudinal positions, as shown in FIG. 62, and
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secure the loose portions of the sheet 378 tightly against
the lateral surfaces 330 of the side struts.

[0078] Both the first sutures 390 and the second su-
tures 392 can be positioned adjacent to the lateral sur-
faces 330 of the struts 320 and spaced away from the
window opening 334. This placement of the sutures can
reduce the stress on the sutures caused by movement
of the articulation portions 372 of the leaflets. Instead,
much of this stress is transferred from flex hinges 370 of
the leaflets to the side struts 320 near interior-medial edg-
es 332 of the struts.

[0079] Thereinforcing sheet 378 protects the flex hing-
es 370 from damage caused by the interior-medial edges
332 of the struts 320 as the leaflets articulate between
open and closed positions, as shown in FIG. 64. In ad-
dition, longitudinally extending cushion strips 374 posi-
tioned between the flex hinges 370 and the struts 320
can also be included, such as adjacent to the interior-
medial edges 332, as shown in FIG. 64, to further protect
the flex hinges from damage caused by the struts. The
cushion strips 374 can comprise a flexible, compressible
material, such as PET fabric, pericardial tissue, or various
other biocompatible materials. The cushion strips can
comprise a tube filled with a resilient material. For exam-
ple, the cushion strip can comprise a PET tube filled with
pericardial tissue. Alternatively, the outer tubular cover-
ing of the cushion strips can be formed from sheet 378
and can be filled with a resilient material. The sheet can
be secured around the resilient material with sutures to
retain the cushioning strips properly located as shown in
FIG. 64. Still alternatively, separate cushion strips 374
can be sutured to the reinforcing sheet 378. The cushion
strips 374 can have a thickness similar to the bars 62 to
provide a radial clearance between the side struts 320
and the articulating portions 372 of the leaflets to prevent
or minimize contact between the leaflets and the inner
surface of the frame during the cardiac cycle.

[0080] FIG. 65 is similar to FIGS. 63 and 64 but shows
a different suturing pattern. In FIG. 65, the sutures 390
are replaced with sutures 398 that secure the sheet 378
around the end portions 368 of the side tabs. Each suture
398 intersects the middle portion 380 of the sheet, one
of the side tabs 366, and a second layer of the sheet
adjacent to the medial-exterior edge 324 of each side
strut. The sutures 398 can comprise in-and-out stitches
that intersect the commissures at a plurality of different
longitudinal positions. Each end portion of the sheet 378
can comprise a folded portion 388 that is folded under to
form a double layer of the sheet 378 along the surface
of the respective side strut 320. The sutures 392 secure
the end portions 386 of the sheet and the end portions
368 of the side tabs tightly around the lateral surfaces
330 of the side struts.

[0081] FIGS. 66 and 67 show an alternative method
for suturing the side tabs 366 and the sheet 378 to the
side struts 320. FIG. 66 shows suture line 394 positioned
along the exterior surfaces 324 of the side struts and
generally perpendicular to the radius of the frame. The
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suture 394 intersects both side tabs 366 and both end
portions 386 of the sheet 378. The suture 394 secures
each end portion 386 of the sheet tightly around the me-
dial, interior, and lateral surfaces 328, 326, 330, respec-
tively, of the respective side strut 320, and also secures
the middle portion 380 of the sheet loosely around the
end portions 368 of the side tabs 366. In FIG. 66, the
suture 394 intersects a first sheet layer A, a second sheet
layer B, the two side tabs 366, a third sheet layer C, and
a fourth sheet layer D, in that order.

[0082] After the first suture 394 is in place, the end
portions 368 of the side tabs are spread apart and posi-
tioned adjacent to the exterior surfaces 324 of the side
struts 320, as shown in FIG. 67. This tightens the loose
middle portion 380 of the sheet around the end portions
368 of the side tabs. A pair of sutures 396 can then secure
the middle portion 380 of the sheet tightly to the end por-
tions 386 of the sheet to hold the end portions 368 of the
side tabs in place, as shown in FIG. 67. The sutures 396
can be looping whip stitches that intersect the commis-
sure 376 at a plurality of different longitudinal positions,
similar to the sutures 392 in FIG. 64.

[0083] FIGS.68and69showanotheralternative meth-
od for suturing the side tabs 366 and the sheet 378 to
the side struts 320. FIG. 68 shows a suture line 395 po-
sitioned along the exterior side of the window opening
and oriented generally perpendicular to the radius of the
frame. The suture 395 intersects both side tabs 366 and
two portions of the sheet 378. The suture 395 secures
the middle portion 380 of the sheet which extends loosely
around the end portions 368 of the side tabs 366. In FIG.
68, the suture 395 intersects a first sheet layer A, a first
side tab B, a second side tab C, and a second sheet layer
D, in that order.

[0084] After the first suture 395 is in place, the end
portions 368 of the side tabs are spread apart and posi-
tioned adjacent to the exterior surfaces 324 of the side
struts 320, as shown in FIG. 69. This tightens the loose
middle portion 380 of the sheet around the end portions
368 of the side tabs. A pair of sutures 397 can then secure
the middle portion 380 of the sheet tightly to the end por-
tions 386 of the sheet to hold the end portions 368 of the
side tabs in place, as shown in FIG. 69. The end portions
386 of the sheet can comprise a folded under portion
388, creating a double layer of sheet material to reinforce
the sutures 397. The sutures 397 can be looping whip
stitches that intersect the commissure 376 at a plurality
of different longitudinal positions, similar to the sutures
392 in FIG. 62.

[0085] FIGS. 70 and 71 show yet another alternative
method for suturing the side tabs 366 and the sheet 378
to the side struts 320. FIG. 70 shows the suture line 395
positioned along the exterior side of the window opening
and oriented generally perpendicular to the radius of the
frame. The suture 395 intersects both side tabs 366 and
four portions or layers of the sheet 378. Each end portion
386 of the sheet comprises a folded portion 388 that
forms a double layer of sheet material between the side
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tabs 366 and the medial surfaces 328 of the side struts.
The suture 395 secures the middle portion 380 of the
sheet loosely around the end portions 368 of the side
tabs 366. As shown in FIG. 70, each stitch of the suture
395 intersects a first pair of sheet layers comprising lay-
ers A and B, a first side tab C, a second side tab D, and
a second pair of sheet layers comprising layers E and F,
in that order.

[0086] After the first suture 395 is in place, the end
portions 368 of the side tabs are spread apart and posi-
tioned adjacent to the exterior surfaces 324 of the side
struts 320, as shown in FIG. 71. This tightens the middle
portion 380 of the sheet around the end portions 368 of
the side tabs. A pair of sutures 397 can then secure the
middle portion 380 of the sheet tightly to the end portions
386 of the sheet to hold the end portions 368 of the side
tabs in place, as shown in FIG. 71. The folded portions
388 of the sheet create a double layer of sheet material
to reinforce the sutures 397. The sutures 397 can be
looping whip stitches that intersect the commissure 376
at a plurality of different longitudinal positions, similar to
the sutures 392 in FIG. 62.

[0087] The various commissure configurations for at-
taching the leaflet structure 314 to the window frames
318 showninFIGS. 61-71 canalso be used as alternative
ways to attach the leaflet structure 14 of the valve 10 of
FIGS. 1-3 to the window frame portions 30 of frame 12.
[0088] FIGS. 72-74 show a prosthetic heart valve as-
sembly 600 comprising a frame 602 for a prosthetic valve
mounted on a balloon 606 of a delivery shaft 604. The
frame 602 can be similar in shape to the frame 12 and
can comprise an inflow end portion 610, an outflow end
portion 612 and an intermediate portion 614. For clarity,
the other components of the valve, such as the leaflets
and the skirts, are not shown. The frame 602 can have
a reduced thickness at the inflow end portion 610 and at
the outflow end portion 612, relative to the thickness of
the intermediate portion 614. Due to the thinner end por-
tions, when the balloon 606 is inflated, the end portions
610, 612 offer less resistance to expansion and expand
faster than the intermediate portion 614, as shownin FIG.
73. Because the end portions expand faster than the in-
termediate portion, the frame 602 becomes confined on
the balloon 606, inhibiting the frame from sliding towards
either end of the balloon and reducing the risk of the
frame sliding off the balloon prematurely. As shown in
FIG. 74, further inflation of the balloon can cause the
intermediate portion 614 of the frame to expand to the
same final diameter as the end portions 610, 612 for im-
plantation, after which the balloon can be deflated and
removed. Controlling the position of the valve on the bal-
loon can be important during delivery, especially with
frames that foreshorten during expansion and move rel-
ative to the balloon. In FIGS. 72-74, the intermediate por-
tion 614 of the frame can be held constant relative to the
balloon while the two end portions foreshorten towards
the intermediate portion due to the "dog-bone" effect of
the balloon. Any conventional means can be used to pro-
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duce the frame 602 with reduced thickness at the end
portions 610, 612, such as sanding down the end portions
with sand paper or the like. The end portions 610, 614
of the frame can have a thickness of about 0.37 mm while
the intermediate portion 614 can have a thickness of
about 0.45 mm.

Claims

1. An assembly for implanting a balloon-expandable
prosthetic aortic valve (10) in a patient’s body, the
assembly comprising:

a delivery apparatus comprising an elongated
shaft (180) having an inflatable balloon (182),
and

aradially expandable prosthetic aortic valve (10)
adapted to be mounted on the shaft (180) in a
radially collapsed configuration for delivery into
the body, the prosthetic aortic valve (10) com-
prising:

a balloon-expandable annular frame (12)
made of a nickel-cobalt-chromium alloy and
having an inflow end portion and an outflow
end portion, and a plurality of angularly
spaced commissure windows (30) at the
outflow end portion, each commissure win-
dow (30) comprising an enclosed opening
(20) between first and second axially orient-
ed side struts;

a leaflet structure (14) positioned within the
frame (12), the leaflet structure (14) com-
prising a plurality of commissure portions
that extend outwardly through respective
commissure windows (30);

an annular inner skirt (16) positioned along
and secured to an inner surface of the frame
(12); and

an annular outer skirt (18) positioned
around an outer surface of the frame (12),
the outer skirt (18) comprising an inflow
edge (160), an outflow edge (162), and an
intermediate portion between the inflow
edge (160) and the outflow edge (162),
wherein the inflow edge (160) of the outer
skirt (18) is sutured to the inflow edge of the
inner skirt (16) at the inflow end portion of
the frame (12) or is secured to the frame
(12) at a first location, and the outflow edge
(162) of the outer skirt (18) is secured to the
frame (12) at a second location;

wherein when the prosthetic aortic valve (10) is
in the expanded configuration, the intermediate
portion of the outer skirt (18) comprises slack in
the axial direction between the inflow edge of
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the outer skirt (18) and the outflow edge of the
outer skirt (18), and when the prosthetic aortic
valve (10) is collapsed to the collapsed config-
uration, the axial distance between the inflow
edge of the outer skirt (18) and the outflow edge
of the outer skirt (18) increases, reducing the
slack in the outer skirt (18) in the axial direction,
wherein the inflow end portion of the frame (12)
comprises a frame thickness (T) that is less than
a frame thickness (T) of an intermediate portion
of the frame (12) between the inflow end portion
and the outflow end portion.

The assembly of claim 1, wherein an outer diameter
of the inflow end portion of the frame (12) is smaller
than an outer diameter of the outflow end portion of
the frame (12).

The assembly of claim 1, wherein the outflow edge
of the outer skirt (18) comprises a plurality of alter-
nating projections (164) and notches (166), the pro-
jections (164) being secured to the frame (12) at the
second location, the outer skirt (18) being unsecured
to the frame (12) at the notches (166).

The assembly of claim 1, wherein the leaflet structure
(14) comprises a plurality of leaflets (40), wherein
each of the leaflets (40) comprises:

opposing side tabs (366) on opposite sides of
the leaflet, the side tabs (366) being secured to
the outflow end portion of the frame (12);

a free outflow edge portion extending between
the side tabs (366) adjacent to the outflow end
of the frame (12); and

an inflow edge portion extending between the
side tabs (366) adjacent to the inflow end of the
frame (12), the inflow edge portion comprising
opposing axial edge portions that extend from
the side tabs (366) toward the inflow end in a
generally axial direction and an intermediate
edge portion that extends between the axial
edge portions, the intermediate edge portion
comprising a curved apex portion adjacent to
the inflow end of the frame (12) and a pair of
oblique portions that extend between the axial
edge portions and the apex portion, the oblique
portions having a greater radius of curvature
than the apex portion.

The assembly of claim 1, wherein the leaflet structure
(14) comprises a plurality of leaflets (40) each com-
prising two opposing side tabs (366), each side tab
(366) being paired with an adjacent side tab (366)
of an adjacent leaflet (40) to form the commissure
portions of the leaflet structure (14), and wherein
each commissure portion extends radially outwardly
through a corresponding commissure window (30)
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10.

1.

of the frame (12) to a location outside of the frame
(12) and is sutured to the side struts of the commis-
sure window (30).

The assembly of claim 1, wherein the commissure
windows (30) of the frame (12) are depressed radi-
ally inwardly relative to the portions of the frame (12)
extending between adjacent commissure windows
(30) when the prosthetic aortic valve is in the radially
collapsed configuration.

The assembly of claim 6, wherein outermost surfac-
es of the commissure portions outside of the frame
(12) are at substantially the same radial distance
from a longitudinal axis of the prosthetic aortic valve
(10) as the outer surfaces of the portions of the frame
(12) between adjacent commissure windows (30).

The assembly of claim 6, wherein the commissure
windows (30) of the frame (12) are depressed in-
wardly a radial distance of between 0.2 mm and 1.0
mm relative to the portions of the frame (12) extend-
ing between adjacent commissure windows (30)
when the prosthetic aortic valve (10) is radially col-
lapsed.

The assembly of claim 1, wherein the annular frame
(12) comprises an inflow row of openings (36) at the
inflow end portion of the frame (12), an outflow row
of openings (40) at the outflow end portion of the
frame (12), and at least one intermediate row of
openings (38) between the inflow row of openings
(36) and outflow row of openings (40), wherein the
openings (40) of the inflow row of openings (36) are
larger than the openings of the at least one interme-
diate row of openings (38).

The assembly of claim 1, wherein the frame thick-
ness (T) is about 0.48 mm or less.

The assembly of claim 1,

wherein the leaflet structure (14) comprising a plu-
rality of leaflets (40) each comprising a body portion,
two opposing primary side tabs (116) extending from
opposite sides of the body portion, and two opposing
secondary tabs (112) extending from the body por-
tion adjacent to the primary side tabs (116);
wherein the secondary tabs (112) are folded about
a radially extending crease such that a first portion
(142) of the secondary tabs (112) lies flatagainst the
body portion of the respective leaflet (40), and the
secondary tabs (112) are folded about an axially ex-
tending crease such that a second portion (144) of
the secondary tabs (122) extends in a different plane
than the first portion (142), wherein the second por-
tion (144) of each secondary tab (112) is sutured to
a respective primary tab (116).
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12. The assembly of claim 11, wherein the leaflet struc-

ture (14) comprises a plurality of leaflets (40) each
having an undulating lower edge.

13. The assembly of claim 1,

wherein the inner skirt (16) comprises a weave
of a first set of strands with a second set of
strands, both the first and second sets of strands
being non-parallel with the axial direction of the
prosthetic aortic valve (10);

wherein a lower edge portion of the inner skirt
(16) is secured to the inflow end portion of the
frame (12) and an upper edge of the inner skirt
(16) is secured to the outflow end portion of the
frame (12) so that when the prosthetic aortic
valve (10) is collapsed from the expanded con-
figuration to the collapsed configuration, the ax-
ial length of the frame (12) increases and the
both the first and second sets of strands (78, 80)
rotate toward the axial direction of the prosthetic
aortic valve (10), allowing the inner skirt (16) to
elongate in the axial direction along with the
frame (12).

14. The assembly of claim 1,

wherein the leaflet structure (14) comprises a
plurality of leaflets each comprising two oppos-
ing side tabs, each side tab being paired with an
adjacent side tab of an adjacent leaflet to form
the commissure portions of the leaflet structure
(14), each pair of side tabs extending radially
outwardly through a corresponding commissure
window (30) to a location outside of the frame
(12), the portions of the tabs located outside of
the frame (12) extend circumferentially away
from one another and along an exterior surface
of the side struts; and

a plurality of wedges (126), each wedge (126)
being positioned between the side struts of a
commissure window (30) and separating the
pair of side tabs (366) extending through the
commissure window (30), the wedge (126) be-
ing urged radially inwardly against the side tabs
(366).

Patentanspriiche

1.

Anordnung zum Implantieren einer ballonexpandier-
baren prothetischen Aortenklappe (10) in den Kérper
eines Patienten, wobei die Anordnung umfasst:

eine Zufuhrvorrichtung, die einen langlichen
Schaft (180) mit einem aufblasbaren Ballon
(182) umfasst, und

eine radial expandierbare prothetische Aorten-
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klappe (10), die geeignet ist, um auf dem Schaft
(180) in einer radial zusammengeklappten Kon-
figuration zum Zufilhren in den Koérper ange-
bracht zu werden, wobei die prothetische Aor-
tenklappe (10) umfasst:

einen ballonexpandierbaren ringférmigen
Rahmen (12), der aus einer Nickel-Kobalt-
Chrom-Legierung hergestellt ist und einen
Einstromendabschnitt und einen Ausstro-
mendabschnitt sowie mehrere winkelig be-
abstandete Kommissurfenster (30) am
Ausstrémendabschnitt aufweist, wobei je-
des Kommissurfenster (30) eine einge-
schlossene Offnung (20) zwischen ersten
und zweiten axial ausgerichteten Seiten-
streben umfasst;

eine Segelstruktur (14), die innerhalb des
Rahmens (12) angeordnetist, wobeidie Se-
gelstruktur (14) mehrere Kommissurab-
schnitte umfasst, die sich nach auRen durch
entsprechende Kommissurfenster (30) er-
strecken;

eine ringférmige innere Schirze (16), die
entlang einer inneren Flache des Rahmens
(12) angeordnet und daran befestigt ist; und
eine ringférmige duflere Schirze (18), die
um eine dulere Flache des Rahmens (12)
herum angeordnet ist, wobei die aulere
Schirze (18) eine Einstromkante (160), ei-
ne Ausstromkante (162) und einen Zwi-
schenabschnitt zwischen der Einstromkan-
te (160) und der Ausstromkante (162) um-
fasst, wobei die Einstrdmkante (160) der
aulleren Schirze (18) mitder Einstrdmkan-
tederinneren Schiirze (16) am Einstromen-
dabschnitt des Rahmens (12) vernaht ist
oder an einer ersten Stelle am Rahmen (12)
befestigt ist, und die Ausstromkante (162)
der auleren Schirze (18) an einer zweiten
Stelle am Rahmen (12) befestigt ist;
wobei, wenn die prothetische Aortenklappe
(10) in der expandierten Konfiguration ist,
der Zwischenabschnitt der duReren Schiir-
ze (18) einen Durchhang in der axialen
Richtung zwischen der Einstromkante der
auleren Schirze (18) und der Ausstrom-
kante der auReren Schiirze (18) umfasst,
und wenn die prothetische Aortenklappe
(10) in die zusammengeklappte Konfigura-
tion zusammengeklappt wird, der axiale Ab-
stand zwischen der Einstrdomkante der du-
Reren Schirze (18) und der Ausstromkante
der auBeren Schirze (18) zunimmt, wo-
durch der Durchhang in der dueren Schiir-
ze (18) in der axialen Richtung verringert
wird,
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wobei der Einstrémendabschnitt des Rahmens
(12) eine Rahmendicke (T) umfasst, die gerin-
ger ist als eine Rahmendicke (T) eines Zwi-
schenabschnitts des Rahmens (12) zwischen
dem Einstromendabschnitt und dem Ausstro-
mendabschnitt.

Anordnung nach Anspruch 1, wobei ein AuRen-
durchmesser des Einstromendabschnitts des Rah-
mens (12) kleiner ist als ein AuBendurchmesser des
Ausstromendabschnitts des Rahmens (12).

Anordnung nach Anspruch 1, wobei die Ausstrom-
kante der duRBeren Schiirze (18) mehrere abwech-
selnde Vorspriinge (164) und Kerben (166) umfasst,
wobei die Vorspriinge (164) an der zweiten Stelle an
dem Rahmen (12) befestigt sind, und die auRere
Schirze (18) an den Kerben (166) an dem Rahmen
(12) unbefestigt ist.

Anordnung nach Anspruch 1, wobei die Segelstruk-
tur (14) mehrere Segel (40) umfasst, wobei jedes
der Segel (40) umfasst:

gegenuberliegende Seitenlaschen (366) auf ge-
geniberliegenden Seiten des Segels, wobei die
Seitenlaschen (366) an dem Ausstromen-
dabschnitt des Rahmens (12) befestigt sind;
einen freien Ausstromkantenabschnitt, der sich
zwischen den Seitenlaschen (366) benachbart
zu dem Ausstréomende des Rahmens (12) er-
streckt; und

einen Einstromkantenabschnitt, der sich zwi-
schen den Seitenlaschen (366) benachbart zu
dem Einstromende des Rahmens (12) erstreckt,
wobei der Einstrémkantenabschnitt gegenuliber-
liegende axiale Kantenabschnitte, die sich von
den Seitenlaschen (366) in Richtung des Ein-
strdbmendes in einer allgemein axialen Richtung
erstrecken, und einen Zwischenkantenab-
schnitt, der sich zwischen den axialen Kanten-
abschnitten erstreckt, umfasst, wobei der Zwi-
schenkantenabschnitt  einen  gekrimmten
Scheitelabschnitt benachbart zu dem Einstro-
mende des Rahmens (12) und ein Paar schrage
Abschnitte umfasst, die sich zwischen den axi-
alen Kantenabschnitten und dem Scheitelab-
schnitt erstrecken, wobei die schragen Ab-
schnitte einen gréReren Krimmungsradius als
der Scheitelabschnitt aufweisen.

5. Anordnung nach Anspruch 1, wobei die Segelstruk-

tur (14) mehrere Segel (40) umfasst, die jeweils zwei
gegenuberliegende Seitenlaschen (366) umfassen,
wobei jede Seitenlasche (366) mit einer benachbar-
ten Seitenlasche (366) eines benachbarten Segels
(40) gepaart ist, um die Kommissurabschnitte der
Segelstruktur (14) zu bilden, und wobei sich jeder
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1.

Kommissurabschnitt radial nach auflen durch ein
entsprechendes Kommissurfenster (30) des Rah-
mens (12) zu einer Stelle auRerhalb des Rahmens
(12) erstreckt und mit den Seitenstreben des Kom-
missurfensters (30) vernaht ist.

Anordnung nach Anspruch 1, wobei die Kommissur-
fenster (30) des Rahmens (12) relativ zu den Ab-
schnitten des Rahmens (12), die sich zwischen be-
nachbarten Kommissurfenstern (30) erstrecken, ra-
dial nach innen gedriickt sind, wenn sich die prothe-
tische Aortenklappe in der radial zusammenge-
klappten Konfiguration befindet.

Anordnung nach Anspruch 6, wobei die dufRersten
Flachen der Kommissurabschnitte aulerhalb des
Rahmens (12) im Wesentlichen den gleichen radia-
len Abstand von einer Langsachse der prothetischen
Aortenklappe (10) aufweisen, wie die dulReren Fla-
chen der Abschnitte des Rahmens (12) zwischen
benachbarten Kommissurfenstern (30).

Anordnung nach Anspruch 6, wobei die Kommissur-
fenster (30) des Rahmens (12) um einen radialen
Abstand zwischen 0,2 mm und 1,0 mm relativ zu den
Abschnitten des Rahmens (12), die sich zwischen
benachbarten Kommissurfenstern (30) erstrecken,
nach innen gedriickt sind, wenn die prothetische
Aortenklappe (10) radial zusammengeklappt ist.

Anordnung nach Anspruch 1, wobei der ringférmige
Rahmen (12) eine Einstrémreihe von Offnungen (36)
am Einstrémendabschnitt des Rahmens (12), eine
Ausstréomungsreihe von Offnungen (40) am Ausstré-
mendabschnitt des Rahmens (12) und mindestens
eine Zwischenreihe von Offnungen (38) zwischen
der Einstrémreihe von Offnungen (36) und der Aus-
stromreihe von Offnungen (40) umfasst, wobei die
Offnungen (40) der Einstrdmreihe von Offnungen
(36) groRer sind als die Offnungen der mindestens
einen Zwischenreihe von Offnungen (38).

Anordnung nach Anspruch 1, wobei die Rahmendi-
cke (T) etwa 0,48 mm oder weniger betragt.

Anordnung nach Anspruch 1,

wobei die Segelstruktur (14) mehrere Segel (40)
umfasst, die jeweils einen Kérperabschnitt, zwei
gegenuberliegende primare Seitenlaschen
(116), die sich von gegentiberliegenden Seiten
des Korperabschnitts erstrecken, und zwei ge-
genuberliegende sekundére Laschen (112), die
sich von dem Korperabschnitt benachbart zu
den primaren Seitenlaschen (116) erstrecken,
umfassen;

wobei die sekundaren Laschen (112) um eine
sich radial erstreckende Falte gefaltet sind, so
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dass ein erster Abschnitt (142) der sekundaren
Laschen (112) flach gegen den Kérperabschnitt
des jeweiligen Segels (40) anliegt, und die se-
kundéaren Laschen (112) um eine sich axial er-

te der Laschen in Umfangsrichtung voneinander
weg und entlang einer AuBenflache der Seiten-
streben erstrecken; und

mehrere Keile (126), wobei jeder Keil (126) zwi-

18

schen den Seitenstreben eines Kommissur-
fensters (30) angeordnet ist und das Paar von
Seitenlaschen (366), die sich durch das Kom-
missurfenster (30) erstrecken, trennt, wobei der

streckende Falte gefaltet sind, so dass sichein % Keil (126) radial nach innen gegen die Seiten-
zweiter Abschnitt (144) der sekundaren La- laschen (366) gedriickt wird.
schen (122)in eineranderen Ebene als dererste
Abschnitt (142) erstreckt, wobei der zweite Ab-
schnitt (144) jeder sekundaren Lasche (112) mit Revendications
einer jeweiligen primaren Lasche (116) vernaht 70
ist. 1. Un assemblage pour l'implantation d’une valvule
aortique prothétique pouvant étre dilatée par ballon-
12. Anordnung nach Anspruch 11, wobei die Segelstruk- net (10) dans le corps d’'un patient, 'assemblage
tur (14) mehrere Segel (40) umfasst, die jeweils eine comprenant :
wellenférmige Unterkante aufweisen. 15
un dispositif d’acheminement comprenant une
13. Anordnung nach Anspruch 1, tige allongée (180) ayant un ballonnet gonflable
(182), et
wobei die innere Schirze (16) ein Gewebe aus une valvule aortique prothétique radialement
einem ersten Satz von Strangen miteinem zwei- 20 expansible (10) congue pour étre montée sur la
ten Satz von Strangen umfasst, wobei sowohl tige (180) dans une configuration radialement
der erste als auch der zweite Satz von Strangen repliée servant d’étre mise en place dans le
nicht parallel zur axialen Richtung der protheti- corps, la valvule aortique prothétique (10)
schen Aortenklappe (10) sind; comprenant :
wobei ein unterer Kantenabschnitt der inneren 25
Schirze (16) an dem Einstrémendabschnitt des un cadre annulaire (12) pouvant étre dilaté
Rahmens (12) befestigtistund eine obere Kante par le ballonnet fabriquée en alliage de nic-
der inneren Schirze (16) an dem Ausstrémen- kel-cobalt-chrome et ayant une partie d’ex-
dabschnitt des Rahmens (12) befestigt ist, so trémité d’entrée et une partie d’extrémité de
dass, wenn die prothetische Aortenklappe (10) 30 sortie, et une pluralité de fenétres de com-
von der expandierten Konfiguration in die zu- missure angulairement espacées (30) au
sammengeklappte Konfiguration zusammen- niveau de la partie d’extrémité de sortie,
geklappt wird, die axiale Lange des Rahmens chaque fenétre de commissure (30) com-
(12) zunimmt und sich sowohl der erste als auch prenant une ouverture intégrée (20) entre
der zweite Satz von Strangen (78, 80) in Rich- 35 le premier et le deuxieme montants latéraux
tung der axialen Richtung der prothetischen orientés axialement ;
Aortenklappe (10) drehen, was es der inneren une structure de feuillet (14) placée dans le
Schirze (16) ermdglicht, sich zusammen mit cadre (12), la structure de feuillet (14) com-
dem Rahmen (12) in der axialen Richtung zu prenant une pluralité de parties de commis-
verlangern. 40 sure s’étendant vers I'extérieur a travers les
fenétres de commissure (30) respectives ;
14. Anordnung nach Anspruch 1, une collerette intérieure annulaire (16) pla-
cée le long et fixée d’'une surface intérieure
wobei die Segelstruktur (14) mehrere Segel, die du cadre (12) ; et
jeweils zwei gegeniiberliegende Seitenlaschen 45 une collerette extérieure annulaire (18) pla-
umfassen, umfasst, wobeijede Seitenlasche mit cée autour d’une surface extérieure du ca-
einer benachbarten Seitenlasche eines benach- dre (12), la collerette extérieure (18) com-
barten Segels gepaart ist, um die Kommissur- prenant un bord d’entrée (160), un bord de
abschnitte der Segelstruktur (14) zu bilden, wo- sortie (162) etune partie intermédiaire entre
bei sich jedes Paar von Seitenlaschen radial 50 le bord d’entrée (160) et le bord de sortie
nach aulRen durch ein entsprechendes Kommis- (162), dans lequel le bord d’entrée (160) de
surfenster (30) zu einer Stelle auRerhalb des la collerette extérieure (18) est suturée au
Rahmens (12) erstreckt, wobei sich die aulRer- bord d’entrée de la collerette intérieure (16)
halb des Rahmens (12) angeordneten Abschnit- au niveau de la partie d’extrémité d’entrée
55

du cadre (12) ou est fixée au cadre (12) a
un premier emplacement, et le bord de sor-
tie (162) de la collerette extérieure (18) est
fixée au cadre (12) a un deuxiéme
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emplacement ;

dans lequel lorsque la valvule aortique prothé-
tique (10) est en configuration dilatée, la partie
intermédiaire de la collerette extérieure (18)
comprend un mou en direction axiale entre le
bord d’entrée de la collerette extérieure (18) et
le bord de sortie de la collerette extérieure (18),
et lorsque la valvule aortique prothétique (10)
est repliée pour la configuration repliée, la dis-
tance axiale entre le bord d’entrée de la colle-
rette extérieure (18) et le bord de sortie de la
collerette extérieure (18) augmente, réduisant
le mou dans la collerette extérieure (18) en di-
rection axiale,

dans lequel la portion d’extrémité d’entrée du
cadre (12) comprend une épaisseur (T) inférieu-
re a I'épaisseur (T) d’'une portion intermédiaire
du cadre (12) entre la portion d’extrémité d’en-
trée et la portion d’extrémité de sortie.

L’assemblage selon la revendication 1, dans lequel
un diametre extérieur de la partie d’extrémité d’en-
trée du cadre (12) est plus petit qu’'un diametre ex-
térieur de la partie d’extrémité de sortie du cadre
(12).

L’assemblage selon la revendication 1, dans lequel
le bord de sortie de la collerette extérieure (18) com-
prend une pluralité de saillies (164) et encoches
(166) alternantes, les saillies (164) étant fixées au
cadre (12) au deuxieme emplacement, la collerette
extérieure (18) n’étant pas fixée au cadre (12) au
niveau des encoches (166).

L’assemblage selon la revendication 1, dans lequel
la structure de feuillet (14) comprend une pluralité
defeuillets (40), danslequel chacun des feuillets (40)
comprenant :

des languettes latérales (366) opposées sur les
cotés opposés du feuillet, les languettes latéra-
les (366) étant fixées a la partie d’extrémité de
sortie du cadre (12) ;

une partie de bord de sortie libre s’étendant en-
tre les languettes latérales (366) adjacentes a
I'extrémité de sortie du cadre (12) ; et

une partie de bord d’entrée s’étendant entre les
languettes latérales (366) adjacentes a I'extré-
mité d’entrée du cadre (12), I'extrémité de bord
d’entrée comprenantdes parties de bord axiales
opposeées, quis’étendent a partir des languettes
latérales (366) vers I'extrémité d’entrée dans
une direction généralement axiale et une partie
de bord intermédiaire, qui s’étend entre les par-
ties de bord axiales, la partie de bord intermé-
diaires comprenant une partie de sommetincur-
vée adjacente a I'extrémité d’entrée du cadre
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(12) et une paire de parties obliques, qui s’éten-
dent entre les parties de bord axiales et la partie
de sommet, les parties obliques ayant un rayon
de courbure supérieur a la portion de sommet.

L’assemblage selon la revendication 1, dans lequel
la structure de feuillet (14) comprend une pluralité
de feuillets (40) comprenant chacun deux languettes
latérales (366) opposées, chaque languette latérale
(366) étant couplée avec une languette latérale (366)
adjacente d’un feuillet (40) adjacent afin de former
des parties de commissure de la structure de feuillet
(14), et dans lequel chaque partie de commissure
s’étend radialement vers I'extérieur a travers une fe-
nétre de commissure (30) correspondante du cadre
(12) vers un emplacement a I'extérieur du cadre (12)
et est suturée aux montants latéraux de la fenétre
de commissure (30).

L’assemblage selon la revendication 1, dans lequel
les fenétres de commissure (30) du cadre (12) sont
abaissées radialement vers l'intérieur par rapport
aux parties du cadre (12) s’étendant entre les fené-
tres de commissure (30) adjacentes lorsque la val-
vule aortique prothétique est en configuration radia-
lement repliée.

L’assemblage selon la revendication 6, dans lequel
les surfaces les plus a I'extérieur des parties de com-
missure a I'extérieur du cadre (12) sont a une dis-
tance radiale substantiellement la méme d’'un axe
longitudinal de la valvule aortique prothétique (10)
que les surfaces extérieures des portions du cadre
(12) entre les fenétres de commissure (30) adjacen-
tes.

L’assemblage selon la revendication 6, dans lequel
les fenétres de commissure (30) du cadre (12) sont
abaissées vers lintérieur a une distance radiale
d’entre 0,2 mm et 1,0 mm par rapport aux parties du
cadre (12) s’étendant entre les fenétres de commis-
sure (30) adjacentes lorsque la valvule aortique pro-
thétique (10) est radialement repliée.

L’assemblage selon la revendication 1, dans lequel
le cadre annulaire (12) comprend une rangée
d’ouvertures d’entrée (36) au niveau de la partie
d’extrémité d’entrée du cadre (12), une rangée
d’ouvertures de sortie (40) au niveau de la partie
d’extrémité de sortie du cadre (12) et au moins une
rangée intermédiaire d’ouvertures (38) entre la ran-
gée d’ouvertures d’entrée (36) et la rangée d’ouver-
tures de sortie (40), dans lequel les ouvertures (40)
de la rangée d’ouvertures d’entrée (36) sont plus
grandes que les ouvertures de 'au moins unerangée
intermédiaire d’ouvertures (38).

10. L’assemblage selon la revendication 1, dans lequel
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I'épaisseur (T) du cadre est d’environ 0,48 mm au
plus.

L’assemblage selon la revendication 1,

dans lequel la structure de feuillet (14) comprenant
une pluralité de feuillets (40) comprenant chacun
une partie de corps, deux languettes latérales pri-
maires (116) opposées s’étendant a partir des cotés
opposeés de la partie de corps, et deux languettes
secondaires (112) opposées s’étendant a partir de
la partie de corps adjacente aux languettes latérales
primaires (116) ;

dans lequel les languettes secondaires (112) sont
pliées autour d’un pli s’étendant radialement de telle
sorte qu'une premiére partie (142) des languettes
secondaires (112) repose a plat sur la portion de
corps du feuillet (40) respectif, et que les languettes
secondaires (112) sont pliées autour d’un pli s’éten-
dant axialement de telle sorte qu’une deuxiéme par-
tie (144) des languettes secondaires (122) s’étend
dans un plan différent que la premiére partie (142),
la deuxieme partie (144) de chaque languette se-
condaire (112) étant suturée a une languette primai-
re (116) correspondante.

L’assemblage selon la revendication 11, dans lequel
la structure de feuillet (14) comprend une pluralité
de feuillets (40) ayant chacun un bord inférieur on-
doyant.

L’assemblage selon la revendication 1,

dans lequel la collerette intérieure (16) comprend
une trame d’un premier jeu de brins avec un deuxie-
me jeu de brins, le premier et le deuxiéme jeu de
brins étant tous deux non paralléles a la direction
axiale de la valvule aortique prosthétique (10) ;
dans lequel qu’une partie de bord inférieur de la col-
lerette intérieure (16) est fixée a la partie d’extrémité
d’entrée du cadre (12) et qu’un bord supérieur de la
collerette intérieure (16) est fixé a la partie d’extré-
mité de sortie du cadre (12) de telle sorte que, lors-
que la valvule aortique prosthétique (10) est repliée
de la configuration dilatée en configuration repliée,
la longueur axiale du cadre (12) augmente et le pre-
mier et le deuxiéme jeux de brins (78, 80) tournent
tous deux vers la direction axiale de la valvule aor-
tique prosthétique (10), permettant a la collerette in-
térieure (16) de s’allonger en direction axiale avec
le cadre (12).

L’assemblage selon la revendication 1,

dans lequel la structure de feuillet (14) comprend
une pluralité de feuillets comprenant chacun deux
languettes latérales opposées, chaque languette la-
térale étant couplée avec une languette latérale ad-
jacente d’un feuillet adjacent pour former les parties
de commissure de la structure de feuillet (14), cha-
que paire de languettes latérales s’étendant radia-

10

15

20

25

30

35

40

45

50

55

20

lement vers I'extérieur a travers une fenétre de com-
missure (30) correspondante vers un emplacement
al'extérieur du cadre (12), les parties des languettes
se trouvant a I'extérieur du cadre (12) s’étendent de
maniére circonférentielle en s’éloignant l'une de
I'autre et le long d’'une surface extérieure des mon-
tants latéraux ; et

une pluralité de coins (126), chaque coin (126) étant
placé entre les montants latéraux d’'une fenétre de
commissure (30) et séparant la paire de languettes
latérales (366) s’étendant a travers la fenétre de
commissure (30), le coin (126) étant repoussé ra-
dialement vers l'intérieur contre les languettes laté-
rales (366).
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